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voltage divider art 

(DAC) that is responsive to the second-order trim si; 
The resistor DAC includes at least two different tvr* 
resistors. The second-order TCs of the two dif 



cal ibrated by adjusting signal DTrim and testing the result- is the value of R2 at Tnom, and 1 , a 2 and p 2 are the zeroth, 

ing Vout at several temperatures. fiist, and second order TCs of R2, respectively. Accordingly, 

The controllable portion may include at least one switch the output voltage is given (to a second order approxima- 

tliat is configured to open and close in response to signal tion) by: 

DTrim. Further, the controllable portion includes a plurality s % 



that at least one of the plurality of load elements ii 
in response to signal DTrim. 

The controllable portion may include one or mor 

DACs that are responsive to signal DTrim. In one embodi- to a„-«,„H« 1 -t>,y(l*it,/ll 2 ) 

□lent, the controllable portion consists of one resistor DAC. r— . 

In other embodiments, the controllable portion may include ^..^h-M^-^n^w^ 

more than one resistor DACs coupled in series and/or in Circuit 200 is arranged to scale signal^ 

parallel. Further, the resistor DACs may be coupled in operating point by (1+Rg/Ri 0 ) and make^ 

such that one of the resistor DACs is selectable by signal first and second order TCs of one of the resistors have th( 

DTrim. The resistor DAC may be coupled, in series or in ability to be altered or trimmed. In one embodiment, resis- 

parallel, with a resistor. .According to one embodiment, load tors Rl and R2 are arranged such that b 
circuit 131 includes a resistor, atld load circuit 132 



to another embodiment, load circuit 132 includes embodiment, [pout | is substantially independent of the flrst- 

md load circuit 131 includes a resistor coupled in order TC <x„, r 

l the controllable portion. In either case, the This independence of the first and second order TCs 

e portion may include a resistor DAC. An allows an easier trim methodology, which can be imple- 

smbodiment of a resistor DAC is described in greater detail is mented in any sequence for the first and second order 

below with regard to FIG. 3. coefficients. The constraining equations then become: 

Circuit 100 may be implemented, in part or in whole, as o_-o-<w*«a J -a,)-o 

ntegratcd pi esting _ 

and trimming of circuit 100 to calibrate signal Vout after the |fto«-| )->fe c *(fe-Pi);(l*IU/It3)-0 

integrated circuit has been fabricated and assembled. 30 n „ f „^ , hrQr „,„Hi« nns „„. 
FIG. 2 shows an embodiment of the c 

linearly independent. Components of circuit 20 

nents of circuit 100, albeit different in some ways. 35 If a a, or a 2 and Pi or p 2 are independently controlled, 

Signal DTrim. .2 is an embodiment of signal DTrim. Also, then these conditions can be satisfied if appropriate values of 

the controllable portion of voltage divider circuit 220 is the TCs are used for resistors in voltage divider circuit 200. 

arranged such that the second-order TC of the impedance of The physical realization of these TCs depends upon the 

- n.-l ible porta is adjustab e according t signal process, and what types of resistors are selected. 
! 1 "L.'/U-r ] 1 farit and zero" 1 order TCs of the impedance 40 Resistors with different TCs can be added in series or 

oftSe controllable portion are substantially independent of parallel in order to make a composite resistor with the 

signal DTrim_2. desired first and second order TCs. In one embodiment, two 

Additionally, bandgap reference circuit 210 is arranged to resistors RA and RB are coupled in series, with the equation 

provide signal V Ba such that the zeroth and first order TCs for the series resistance g iven by: 

of signal V are adjustable according to signals RTrimJ) 45 jc^m^w^^ 

and signal RTnm_l, respectively. Trimming of the zeroth, t — 1 

first, and second order TCs of signal Vout are substantially wllere 

linearly independent. 

[Tic voltage associated with signal Vout is given by «,^>i<^rs^K,>«vWr»*.> 
\l r C '\ '^cT-cu'^Tofrond ' 0 ^-M^^b-M^). 

order approximation, the voltage associated with signal V Ba where RAO and RB0 are the values of RA and RB, 
is given by: respectively, at Tnom; 1 , ct^, and are the zeroth, first, and 

second order TCs of resistor RA; and 1 , a., and L are the 

V^-Wft-KW-ATrf^AT*) 55 firs% ^ secon(J or(Jer of ^.^^ resjjec _ 

R, R 10 (l+Q, AT+p, at ) Accordingly, if appropriate values of R A and R^ are 

W (l tti 'AT*w>) chosen.faclcuii take on any value between a, and cc„ or B- 

™ tai™ on an y va i ue between p A and $ g . a A , a £ 



US 7,164,259 Bl 



y the same while adjusting the second order TCs to with reference to FIG. 2. In this embodiment, zeroth, first, 
ut the curvature of signal Vout. In another embodi- and second order trimming are substantially linearly inde- 
make the realization easier, the composite resistors pendent. 

of three resistors. When In another embodiment, signal DTrim may be used to trim 
' sr than the first-order TC. To achieve this trimming, 
;oefficients become, respectively: a resistor DAC may be used, with the resistors used in the 
resistor DAC selected appropriately accordingly to the TC 
that is to be trimmed. 
In other embodiments, voltage divider circuit 130 may 

P-l> J ^W J +jyRdtfo , iV»^I<*tlW*|ic*ito' 10 o^emSmen^atbast 'two rwfstr^DAcTuB coupled 

together in parallel, with switches coupled between th 
DAC. One of the resistor DACs mi " 
DTrim. 




is coupled between nodes N344 an 
333 may include three resistors of a first type (RA), three "' 
resistors of a second type (RB), and four switches (S0-S3). 
Each of the resistors of type RA has approximately the same 



.•orresponds to the selected DTrim signal. 

The process then continues to block 565, wl 
reference voltage provided by the voltage div 
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